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(54) Method and apparatus for handover control in a satellite based telecommunications system 



(57) A method and apparatus are provided for con- 
trolling mobile and base stations (14 and 16) during sat- 
ellite (12) based telecommunications to perform 
scheduled handovers between two communications 
channels (26 and 27). The base station (16) determines 
when a handover will be necessary. Once determined, 
the base station (16) generates a handover scheduling 
command (node #4) which includes a scheduled hando- 
ver time representing a time in the future at which the 
handover will occur. The handover scheduling com- 
mand is transmitted over the first channel to the mobile 
station (14). Upon receipt of the handover scheduling 
command, the mobile station (14) performs steps nec- 
essary to establish a second communications link over 
a second channel (27), prior to the scheduled handover 
time. At the scheduled handover time (node #21), the 
mobile and base stations (14 and 16) have established 
the second communications link on the second channel 
(27). To establish the second channel the mobile station 
calculations of the second channels frequency, timing 
offset and power level (node #1 1 ). By using a scheduled 
handover process, the mobile and base stations (14 and 
16) avoid the production of interference and breaks 
within a conversation transmitted therebetween. 
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Field of the Invention 

The present invention generally relates to a satellite 
based telecommunications system and, more specifi- 
cally, to a control process whereby the mobile and base 
stations effect seamless handovers between communi- 
cations channels as mobile stations pass between sat- 
ellite coverage beams. 

Background 

In recent years, several forms of mobile communi- 
cations systems have been proposed, such as the GSM 
system offered in Europe and the ODYSSEY system 
proposed by the assignee of the present application. 
These systems offer mobile telecommunications 
between ground or based stations and mobile stations, 
such as cellular telephones and the like. In the GSM 
system, the ground stations communicate directly with 
any mobile stations located within the ground stations 
coverage area. The ODYSSEY system proposes a sat- 
ellite based telecommunications system in which a con- 
stellation of telecommunications satellites orbits the 
earth. The satellites relay communications between the 
mobile and ground stations (the terms ground stations 
and based stations are used interchangeable hereaf- 
ter). Each satellite defines a plurality of communications 
beams which cooperate to form a coverage area of the 
earth. The coverage area moves relative to the earth's 
surface as the satellite orbits the earth. A mobile station 
communicates with an overhead satellite while in its 
associated coverage area. The overhead satellite in 
turn relays the communications to and from a corre- 
sponding ground station also within the satellite's cover- 
age area. 

The coverage areas are divided into subsections, 
both in the GSM system and in satellite based systems. 
By dividing the coverage area into subsections, the sys- 
tem increases the number of available communications 
channels and thus the overall capacity (i.e., the number 
of mobile stations which may be supported by the sys- 
tem). In the GSM system, each subsection represents a 
fixed predefined geographic "cell" upon the surface of 
the earth. In satellite based systems, each subsection 
corresponds to a coverage beam which defines a 
dynamic geographic area which moves across the sur- 
face of the earth as the satellite orbits the earth. Each 
cell or beam in a coverage area is assigned a unique 
frequency as a carrier for all communications. Each car- 
rier frequency supports multiple channels, with each 
channel being assigned to a specific mobile station 
located in the corresponding beam or cell. A mobile sta- 
tion communicates with the ground station at the 
assigned frequency and on an. assigned communica- 
tions channel so long as the mobile station is within the 
associated beam/cell. 

However, when the mobile station leaves an old 
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beam/cell and ^Ws a new one, the mobile station 
must be assigned to a new communications^channej. 
Also, the mobile station must adjust its communications 
frequency to the frequency associated with the new cell. 

5 Otherwise, the communications channel (and an ongo- 
ing call) will be dropped (i.e., disconnected). Once in the 
new beam/cell, the mobile station will use the new chan- 
nel for all communications with the ground station. 
The process of switching channels is referred to as 

w a "handover". Handovers are necessary when a mobile 
station physically moves from one beam or cell to 
another. Additionally, in satellite based systems, hando- 
vers are necessary when the relative motion of the sat- 
ellite, with respect to a mobile station, causes a 

is corresponding coverage beam spot to pass over the 
mobile station which may or may not be stationary. To 
effect a handover, the mobile station must switch to a 
new transmitter or uplink frequency determined by the 
ground station. In addition, the ground station must 

20 "acquire" the mobile station's new uplink frequency (i.e. 
establish a communications link at the new frequency). 
The ground station must also switch the handed over 
call in the network (i.e., continue transmitting the com- 
munications or conversation at the new frequency). 

25 Handovers may occur in the middle of a call while con- 
versation is being passed to and from the mobile sta- 
tion. 

Conventional mobile communications systems 
effect handovers as unscheduled events with respect to 

30 time. In more detail, when the ground station deter- 
mines that a handover is necessary, the ground station 
sends an appropriate command to the mobile station. 
This command directs the mobile station to immediately 
switch to the new channel and new frequency without 

35 delay. Upon receiving the command, the mobile station 
switches, and begins to transmit over, the new channel 
and at the new frequency. The ground station continues 
to communicate over the old channel but monitors the 
new channel. Once the ground station detects incoming 

40 communications over the new channel, the ground sta- 
tion begins transmitting outgoing communications over 
the new channel. 

However, unscheduled handovers may produce 
interrupts or interference in a communications link 

45 which may be detected as breaks or "clicks" by the par- 
ties to a conversation. Such interrupts and interference 
result when handovers occur in the middle of a tele- 
phone conversation while the new channel is estab- 
lished. Conversations are carried over assigned 

so channels as a stream of frames of communications 
data. When a handover occurs, the stream of communi- 
cations data is rerouted from the old channel to the new 
channel. The interruption in the stream of data pro- 
duces the clicks or breaks in conversation. The magni- 

55 tude of an interrupt is dependent in part on a "round trip 
delay time" between the ground and mobile stations 
(i.e., the time period necessary for a frame of communi- 
cations data to travel from the ground station to the 
mobile station and back to the ground station). Such 
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interrupts are not overly disruptive ^1PR>M systems 
since the round trip delay time is relatively short (e.g., 
120 microseconds or less). 

However, satellite based systems may experience 
significantly longer round trip delay times. A frame of s 
communications data must travel from a ground station 
to a satellite, to a mobile station, back to the satellite 
and back to the ground station. By way of example, the 
round trip delay time may be approximately 192 milli- 
seconds. Hence, the interrupts during unscheduled 10 
handovers have a significantly greater detrimental effect 
on calls in satellite based telecommunications systems. 

Further, satellite based systems may require more 
than one frame of communications data to be passed 
between the ground station and mobile station during is 
the process of establishing a new channel. Hence, the 
handover process may extend over a time period which 
is greater than one round trip delay time, thereby further 
exaggerating the detrimentally effects of the unsched- 
uled handover process. 20 

A need remains in the industry for an improved 
handover process for use in satellite based telecommu- 
nications systems which overcomes the disadvantages 
experienced heretofore and discussed above. It is an 
object to the present invention to meet this need. 25 

Summary of the Invention 

It is an object of the present invention to provide a 
satellite based telecommunications system which mini- 30 
mizes interrupts due to the handover process. 

It is a corollary object of the present invention to 
provide a handover control process which effects seam- 
less handovers. 

It is a further object of the present invention to pro- 35 
vide a scheduled handover control process to achieve 
logical acquisition of a new channel prior to reliance on 
the new channel for the transmission of communica- 
tions data. 

It is another object of the present invention to utilize 40 
estimated and calculated time, power and frequency 
parameters which are transmitted between mobile and 
ground stations over the current channel to achieve 
acquisition of a new channel. 

It is a further object of the present invention to syn- 45 
chronize the corrected parameter during the handover 
process, prior to actual handover, supplied by the 
mobile station to enable faster switching to the new 
channel. 

It is a further object of the present invention to pro- so 
vide a scheduled handover which avoids the detrimental 
effects of long propagation delays, and which speeds 
channel acquisition and switching in the handover proc- 
ess. 

The above and other objects are achieved by the 55 
inventive system. A method and apparatus are provided 
for controlling mobile and base stations (14 and 16) dur- 
ing satellite (12) based telecommunications to perform 
scheduled handovers between two communications 



channels (26 and 27). "r^Pkse station (16) determines 
when a handover will be necessary. Once determined, 
the base station (16) generates a handover scheduling 
command (node #4) which includes a scheduled hando- 
ver time representing a time in the future at which the 
handover will occur. The handover scheduling com- 
mand is transmitted over the first channel to the mobile 
station (14). Upon receipt of the handover scheduling 
command, the mobile station (14) performs steps nec- 
essary to establish a second communications link over 
a second channel (27), prior to the scheduled handover 
time. At the scheduled handover time (node #21), the 
mobile and base stations (14 and 16) have established 
the second communications link on the second channel 
(27). To establish the second channel the mobile station 
calculations of the second channels frequency, timing 
offset and power level (node #1 1 ). By using a scheduled 
handover process, the mobile and base stations (14 and 
16) avoid the production of interference and breaks 
within a conversation transmitted therebetween. 

Brief Description of th e Drawing s 

Fig. 1 illustrates a satellite based telecommunica- 
tions system according to the present invention; 
Fig. 2 illustrates, in block diagram form, a mobile 
station and a ground station communicating with 
one another according to the present invention; and 
Fig. 3 illustrates a flow diagram of the primary func- 
tions carried out between the mobile and ground 
stations during a handover process according to 
the present invention. 

Detailed Description of the Preferre d Embodiment 

Fig. 1 generally illustrates a satellite based tele- 
communications system 10 which includes a satellite 
12, at least one mobile station (MS) 14 and at least one 
base or ground station (BS or GS) 16. The satellite 12 
emits a plurality of coverage beams 18 which cooperate 
to define a coverage area 20. As illustrated in Fig. 1 , the 
mobile station 14 is located in coverage beam 22 and 
the base station 16 is located in coverage beam 24. The 
mobile station 14 communicates with the base station 
16 via the satellite 12. The system 10 may utilize time 
division multiple access (TDM A), code division multiple 
access (CDMA) and similar techniques to increase the 
overall capacity. In more detail, the mobile station 14 
transmits and receives frames of communications data 
to and from the satellite 12 over an assigned communi- 
cations channel (generally denoted by reference 
numeral 26). The uplink communications channel has a 
carrier frequency corresponding to that of the coverage 
beam 22. The satellite 12 in turn relays the frames of 
communications data to and from the base station 16 
along the same channel 26 at a frequency correspond- 
ing to coverage area 24. When the mobile station 14 
moves from coverage beam 22 to a different coverage 
beam (for instance one of beams 60-64), a new commu- 
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nications channel must be asSPCd to the mobile sta- 
tion 14 and a new communications link must be 
established. This assignment process is referred to as a 
handover. A scheduled handover process is explained 
in more detail below. 5 

Fig. 2 illustrates a block diagram of a mobile station 
14 and a base station 16. The mobile station may 
include two transceivers 30 and 32 and a transmitter 33 
which are controlled by a controller 34. A switch 35 
selectively connects one of transceivers to the transmit- w 
ter 33. The base station 16 also includes multiple trans- 
ceivers 36 and 38 which are controlled by a controller 
40. It is to be understood that the block diagram in Fig. 
2 merely is illustrative of the fact that the base station 
and the mobile station are capable of communicating is 
with one another over two separate channels 26 and 27. 
While the transceivers 30 and 32 may simultaneously 
receive signals over channels 26 and 27, it is under- 
stood that the transmitter 33 only transmits over one of 
channels 26 and 27 at any given instant. Switch 35 20 
selects the output channel. Thus, the path in channel 27 
from the transmitter 33 has been represented in dashed 
lines to illustrate that the transmitter 33 alternately out- 
puts signals over channels 26 and 27. The mobile and 
base stations 14 and 16 need not necessarily include 25 
two physically separate receivers and transmitters. Any 
conventional devices may be combined in place of the 
first and second transceivers so long as the mobile and 
base stations 14 and 16 are capable of simultaneous 
communication over two channels. The base station 16 30 
is capable of communicating over multiple channels 
with multiple mobile stations. The dashed line 42 is illus- 
trative of the satellite 1 2 which functions as a "bent pipe" 
and simply retransmits frames of communications data 
received from the mobile station and base station. 35 

With reference to Fig. 3, the process is explained 
hereafter whereby a handover is performed to transfer a 
communications link between a base station and mobile 
station from a first channel 26 (Fig. 2) to a second chan- 
nel 27. The flow diagram of Fig. 3 illustrates a plurality of 40 
vertical layers denoted by lines 42-52. Layer 42 corre- 
sponds to functions performed by the mobile station 
controller 34, layers 44 and 46 correspond to the first 
and second transceivers 30 and 32 within the mobile 
station 14. Layers 48 and 50 correspond to the first and 45 
second transceivers 36 and 38 used within the base 
station 16. Layer 54 corresponds to functions performed 
by the controller 40 in the base station 16. The circles 
within each of layers 42-52 represent nodes at which 
frames are received/transmitted and at which functions so 
are performed to effect a handover. The arrows 
between layers 44 and 48 represent command and 
communications data passed between trie mobile and 
base stations 14 and 16 through the first communica- 
tions links over the first channel 26 (Fig. 2). The arrows 55 
between layers 46 and 50 represent command and 
communications data passed via the second communi- 
cations link over the second channel 27. 

The example of Fig. 3 merely illustrates the func- 
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tions involved iri^MRidover. It is assumed that, at node 
#1, a communications link has already been established 
over a first channel 26 (corresponding to coverage 
beam 22). It is further assumed that a call is in progress 
and frames of communications data (e.g., conversation) 
is being passed between the parties. At node #1 , a sec- 
ond channel 27 has not yet been established. To "estab- 
lish" a channel, channel parameters must be 
synchronized between the mobile and base stations for 
the particular channel. The channel parameters may 
include a timing offset, frequency, a power level, CDMA 
coding, encryption coding and the like. These telemetry 
parameters are explained in more detail in a book enti- 
tled "An Introduction to GSM," by Siegmund M. Redl, 
published by Artech House Publishers, Boston, MA, 
(1995), which is incorporated herein by reference. 

Beginning at node #1 , the mobile station 14 gener- 
ates a report which is transmitted to the base station 16 
over the first channel 26. The report may include telem- 
etry information regarding the status of and environ- 
ment surrounding the mobile station 14. The telemetry 
inforjnation may include the power level of the present 
communications link 26 with the satellite 12. The telem- 
etry information may also include frequencies of signals 
detected by the mobile station 1 4 from neighboring cov- 
erage beams, along with the power levels of these 
detected signals. With reference to Fig. 1 , the telemetry 
information may include the frequencies and power lev- 
els of signals corresponding to coverage beams 60-64. 
As the mobile station 14 moves closer to a boundary 
with one of the coverage beams 60-64, the power level 
of incoming signals from the coverage beam increases. 
For instance, as mobile station 14 moves closer to the 
boundary between coverage beams 22 and 64, the 
report would include telemetry information indicating an 
increase in the power level of incoming signals at the 
frequency associated with coverage beam 64. 

Returning to Fig. 3, once the report is generated by 
the controller it is transmitted (node #2) via channel #1 
(26 in Fig. 2) to the base station 16. Once the report is 
received at node #3, the controller 40 analyzes the 
report at node #4. During this analysis, the controller 40 
determines whether the mobile station 14 is about to 
leave the current coverage beam 22 (node #4). This 
determination may be performed in one of several ways. 
For instance, the base station 16 may analyze the 
power level, within the report, of the current channel 26 
detected by the mobile station 14. If the power level of 
the current channel 26 falls below a minimum threshold, 
the controller 40 may determine that this power loss is 
due to the fact that the mobile station is moving out of 
the coverage beam 22. Hence, if the power level of the 
current channel falls below the threshold, the controller 
40 may determine that a handover will be necessary in 
the near future. 

Alternatively, the controller may independently 
determine that a handover is necessary by continuously 
monitoring the position of the mobile station 14 and the 
position of the associated coverage beam 22. The 
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above identified co-pending appf^^h which is 
assigned to the assignee of the present application and 
which is incorporated herein by reference describes 
such a system. This co-pending application describes a 
system whereby the controller of the ground station 5 
continuously monitors the GEO position of the mobile 
stations and of the corresponding coverage beams. 
Based on monitoring of the GEO position, the ground 
station independently determines that the mobile sta- 
tion 14 is approaching a boundary of the coverage 10 
beam 22. Thus, the base station 16 independently 
determines that a handover will be necessary in the 
near future. Responsive thereto, the ground station initi- 
ates the handover process at node #4 (Fig. 3). Thus, if 
the base station 16 utilizes the process described in the 15 
above identified co-pending application, the handover 
process is initiated at node #4 (Fig. 3) independent of 
any information received from the mobile station 14. 
Accordingly, it should be noted that the preferred 
embodiment may omit the report generated at node #1 . 2 o 

Once the base station 16 determines that a hando- 
ver is necessary, it generates a handover command 
which is transmitted between nodes #5 and #6 upon 
channel #1 (26 in Fig. 2) to the mobile station 14. 

The handover command includes all information 25 
necessary for the mobile station 14 to schedule or 
"script" a handover including a scheduled handover 
time. The handover command also includes 

estimated new channel parameters. The handover 30 
command information is transmitted to the mobile 
station a predefined period of time prior to occur- 
rence of the actual handover. The scheduled 
handover time represents a predefined time value 
identifying the exact point in time in the future at 35 
which the handover will occur. At the scheduled 
handover time, the base station 16 and mobile sta- 
tion 14 simultaneously switch to the new channel at 
the new frequency. The handover time is deter- 
mined by the base station 16 and is set to precisely 40 
coincide with the beginning of a new frame of com- 
munications data. The scheduled handover time 
may be set to coincide with the beginning of a "mas- 
ter" frame which may represent the first frame in a 
multiframe structure. 45 

By way of example, as illustrated in Fig. 2, the 
mobile station 14 transmits consecutive frames of com- 
munications data (denoted frame 1 . frame 2 and frame 
3). The scheduled handover time may be set to coincide so 
with the end of frame 2 and the beginning of frame 3. 
Hence, the handover would occur after frame 2 has 
been transmitted on channel #1 (26 in Fig. 2) and prior 
to transmission of frame 3 which will be transmitted on 
Channel #2. The scheduled handover time is set suffi- 55 
ciently far in the future to afford time for the base and 
mobile stations to prepare for the handover as 
explained hereinafter (e.g., 2 or 3 seconds after the 
base station 16 determines that a handover is neces- 



"its the handover command 



sary at node #4 and trl 
at node #5). 

The estimated new channel parameters identify the 
new channel 27 upon which the mobile station will com- 
municate while located in the new coverage beam. The 
channel parameters include an estimated frequency, 
timing offset and power level corresponding to the new 
channel to be utilized in the new coverage beam. The 
timing offset is utilized to synchronize the mobile station 
with respect to the base station. A timing offset may be 
necessary since mobile stations and ground stations 
may be found at different distances from the satellite. 
Depending upon these distances, the delay time and 
the attenuation of an individual mobile station's signal is 
likely to be different from the delay and attenuation of 
any other mobile station's signal. In order to assure 
proper timing of transmissions from a mobile station, as 
well as proper reception, a timing delay or offset is 
measured for each mobile station. The timing offset 
governs the time at which the mobile station transmits 
frames of communications data in order to assure that 
the frames arrive at the ground station at the proper 
time. 

To compensate for attenuation over the varying dis- 
tances of mobile stations and satellites, the mobile sta- 
tions are adjusted to transmit at different power levels. 
Thus, mobile stations located further from the satellite 
transmit at higher power levels than those located 
closer to the satellite. The power level control signal 
governs the power at which frames of communications 
data are transmitted from the mobile stations. The 
ground station estimates at node #4 the channel param- 
eters including the new frequency, new timing offset and 
new power level for the new channel. However, the sig- 
nals are simply estimates which must be corrected by 
the mobile station. 

In addition, the handover command may include 
any necessary secondary information, such as any new 
CDMA and enscription codes to be used with the new 
channel. 

The handover command is received over channel 
#1 of the mobile station and deciphered by the controller 
34 (node #7). Once the mobile station controller 34 
determines that a handover has been scheduled to 
occur at a fixed time in the future, the mobile station 
records the scheduled handover time. In addition, the 
mobile station establishes channel #2 at the estimated 
new frequency, with the estimated timing offset and esti- 
mated power level. Thereafter, the mobile station con- 
troller 34 monitors channel #2. 

Returning to node #4, once the base station 16 
transmits the handover command it subsequently trans- 
mits an establishment signal over channel #2 (node #8) 
at the estimated new frequency. The establishment sig- 
nal is received (node #9) over channel #2 (27 in Fig. 2) 
and analyzed by the mobile station controller 34 (node - 
#10). The mobile station controller 34 calculates the 
actual or correct channel parameters for the timing off- 
set, power level and new frequency for channel #2 
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based on the received establisnBPit signal. The mobile 
station controller 34 then determines the difference 
between the estimated and actual/corrected channel 
parameters. These differences represent offset errors. 
Once the corrected frequency offset, timing offset and 5 1. 
power level are calculated by the mobile station 14, the 
mobile station reports the offset errors to the base sta- 
tion 16. The offset errors in frequency, power and timing 
are transmitted as channel #2 parameters at node #12 
over channel #1 to the ground station. Alternatively, the 10 
corrected frequency, timing offset and power level may 
be transmitted. Upon receiving the offset errors at node 
#13, the base station 16 corrects the estimated fre- 
quency, power level and timing offset parameters for the 
new channel. Thereafter the corrected frequency, power 15 
level and timing offset parameters are relayed (node 
#15) over channel #1 back to the mobile station. In this 
manner, ground stations then obtain the parameters for 
frequency, timing offset and power level to establish and 
synchronize a communications link over the new chan- 20 
nel #2 for use with the new coverage beam. The mobile 
station 14 continues to transmit frames of communica- 
tions data over channel #1 (node #18) to the base sta- 
tion 16 until the scheduled handoff time occurs. Once 
the scheduled handoff time occurs (node #21 in Fig. 3), 25 
the mobile station automatically begins to transmit 
frames of communications data over channel #2 (node 
#22) to the base station 16. 

In the illustrative example of Figs. 1 -3, the sched- 
uled handoff time occurs between frames 2 and 3. 30 
Hence, frames 1 and 2 are transmitted over channel #1 
(via nodes #18 and #19). Frame 3 is then transmitted 
over channel #2 (via nodes #22 and #23). Once the 
handover has been effected, the base station 16 then 
transmits a release command over channel #2 (via 35 
nodes #25 and #26) to direct the mobile station 14 to 
release channel #1 . 

This process is repeated each time the mobile sta- 
tion 14 passes between two coverage beams. 

The inventive process provides a scheduled hando- 40 
ver procedure which avoids the interrupts and interfer- 
ence caused by long propagation delays in the 
convention unscheduled handover technique since the 2. 
handover occurs after the new channel is established. 
The inventive scheduled handover procedure also 45 
speeds the acquisition process of the new channel and 
the switching process between channels since both 
channels are used during establishment of the new 
channel and while the new channel's parameters are 3. 
calculated. Switching occurs simultaneously and instan- so 
taneously at the scheduled handover time. As explained 
above, the scheduled handover time is set sufficiently 
far in the future after the base station determines that a 
handover is necessary to afford adequate time to estab- 
lish a second channel and to pre-coordinate channel 55 
parameters such as timing, power and frequency. r 

The foregoing description is merely illustrative and 
is not intended to limit the invention in any manner. 4. 
Instead, the scope of the invention is defined by the 
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An apparatus for controlling mobile and base sta- 
tions during satellite based telecommunications to 
perform scheduled handovers between first and 
second communications channels, said apparatus 
comprising: 

a mobile station for communicating over first 
and second channels, said mobile station 
including an MS controller for maintaining a 
communications link over at least one of said 
first and second channels; and 
a base station for communicating over said first 
and second channels, said base station includ- 
ing a BS controller for maintaining a communi- 
cations link over at least one of said first and 
second channels, said MS and BS controllers 
maintaining a first communications link over 
said first channel via a satellite and transmitting 
and receiving frames of communications data 
over said first communications link, said BS 
controller determining that a handover is nec- 
essary between said first and second chan- 
nels, said BS controller transmitting over said 
first channel a scheduled handover time repre- 
senting a predetermined future point in time at 
which a handover will occur; 
said MS and GS controllers establishing a sec- 
ond communications link over said second 
channel, said MS controller continuing to trans- 
mit communications data over said first com- 
munications link until said scheduled handover 
time and thereafter switching to said second 
channel, after said scheduled handover time, 
said MS and GS controllers transmitting com- 
munications data over said second communi- 
cations link on said second channel after said 
scheduled handover time. 

An apparatus according to claim 1, wherein said 
GS controller sets said scheduled handover time to 
correspond to a predetermined point in time 
between frames of communications data being 
transmitted by said mobile station. 

An apparatus according to claim 1, wherein said 
GS controller sets said scheduled handover time 
such that a time interval from a current time to said 
scheduled handover time is greater than a round- 
trip propagation time necessary for a frame of com- 
munications data to be transmitted from said base 
station, to said mobile station and back to said base 
station. 

An apparatus according to claim 1, wherein said 
GS controller transmits, along with said scheduled 
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handover time, estimated secoriJ|^nnel parame- 
ters including at least one of an estimated fre- 
quency, an estimated timing offset and an 
estimated power level for a second communications 
link to be established over a second channel. 

5. An apparatus according to claim 4, wherein, during 
establishment of said second communication link 
and prior to said scheduled handover time, said MS 
controller calculates and transmits over said first 
channel, offset errors for said estimated second 
channel parameters for said second channel. 

6. An apparatus according to claim 1, wherein said 
base station determines that a handover is neces- 
sary when said mobile station passes from a first 
coverage beam of the satellite to a second cover- 
age beam of the satellite. 



7. An apparatus according to claim 1 , wherein before 20 
said scheduled handover time, said BS controller 
transmitting, over said second channel, a channel 
establishment signal to enable said MS controller to 
establish said second communications link over 
said second channel. 25 

8. An apparatus according to claim 1, wherein said 
mobile station transmits a report to said base sta- 
tion, said report indicating a power level of incoming 
signals received over said first communications 30 
link. 

9. An apparatus according to claim 8, wherein said BS 
controller determines that a handover is necessary 
when said power level of said incoming signals to 35 
said mobile station fall below a predefined power 
threshold. 

10. An apparatus according to claim 1, wherein said BS 
controller determines that a handover is necessary 40 
based on a geo-position of said mobile station and 

of a satellite corresponding to said mobile station. 

11. A method for controlling mobile and base stations 
during satellite based telecommunications to per- 45 
form scheduled handovers between first and sec- 
ond communications channels, said method 
comprising the steps of: 

maintaining a first communications link over a so 
first channel between mobile and base stations 
via a satellite; 

transmitting and receiving frames of communi- 
cations data through said first communications 
link over said first channel; 55 
determining at the base station, that a hando- 
ver is necessary between first and second 
channels; 

transmitting a scheduled handover time over 



said first chaWPto the mobile station, said 
scheduled handover time representing a pre- 
determined future point in time at which a 
handover will occur; 

subsequent to transmission of said scheduled 
handover time, establishing a second commu- 
nications link over said second channel 
between said mobile and base stations via a 
satellite; 

after establishing said second communications 
link, continuing to transmit frames of communi- 
cations data over said first communications link 
until the occurrence of said scheduled hando- 
ver time; and 

after said scheduled handover time switching 
to said second channel and thereafter transmit- 
ting subsequent frames of communications 
data over said second channel. 

12. A method according to claim 1 1 , further comprising 
the step of setting said scheduled handover time to 
correspond to a predetermined point in time 
between frames of communications data being 
transmitted by the mobile station. 

1 3. A method according to claim 1 1 , further comprising 
the step of setting said scheduled handover time 
such that a time interval from a current time to said 
scheduled handover time is greater than a round- 
trip propagation time necessary for a frame of com- 
munications data to be transmitted from the base 
station, to the mobile station and back to the base 
station. 

14. A method according to claim 1 1 , further comprising 
the step of transmitting, with said scheduled hando- 
ver time, estimated second channel parameters 
including at least one of an estimated frequency, an 
estimated timing offset and an estimated power 
level for a second communications link to be estab- 
lished over a said second channel. 

15. A method according to claim 14, further comprising 
the step of, during establishment of said second 
communications link and prior to said scheduled 
handover time, transmitting from the mobile station 
over said first channel, offset errors for said esti- 
mated second channel parameters for said second 
channel. 

16. A method according to claim 11, wherein said 
determination step is based on said mobile station 
passing from a first coverage beam of the satellite 
beam to a second coverage beam of the satellite. 

17. A method according to claim 1 1 , further comprising 
the step of, before said scheduled handover time, 
transmitting over said second channel from said 
base station a channel establishment signal to ena- 
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ble the mobile station to e; 




ih said second com- 



munications link. 

18. A method according to claim 1 1 , further comprising 
the step of transmitting from the mobile station to s 
the base station, said report indicating a power 
level of incoming signals received over said first 
communications channel by the mobile station. 

19. A method according to claim 18, wherein said w 
determination that a handover is necessary is 
based on said power level of incoming signals to 
said mobile station falling below a predefined power 
threshold. 



20. A method according to claim 11, wherein said 
determination that a handover is necessary is 
based on a geo-position of said mobile station and 
of a satellite corresponding to said mobile station. 
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